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PREFACE 


The purpose of this wind tunnel test was to establish drop size 
characteristics of Bacillus thuringiensis atomized with a Micronair, Beecomist, 
and flat fan nozzle. These tests were run specifically in support of USDA 
Forest Service (FS) field operations which were conducted in 1985. This 
report represents formalization of data which was provided to field units in 
1985. Wind tunnel data are used by the FS in selecting proper equipment for 
pesticide application. Data are used also as input to mathematical models 
which predict spray coverage, canopy penetration, and off-target drift. 


Funding was provided by USDA Forest Service, Forest Pest Management, 
Washington Office. Questions and comments should be directed to John W. Barry, 
USDA Forest Service, Forest Pest Management, 2810 Chiles Road, Suite B, Davis, 
CA 95616 (916) 758-4600. 
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Introduction: . 

Tests were conducted in a wind tunnel to measure drop size spectra from 
two different rotary atomizers and from a 8006 flat fan nozzle oriented 90° to 
the airstream using Dipel 8L and Thuricide 48LV at different flow rates and 
air speeds. 

Equipment: 

A Beecomist 360A spinner operated at 28VDC, a Micronair AU5000 spinner 
with standard 3.63 inch blades and a Spraying Systems 8006 flat fan nozzle 
were used for all tests. 

The tests were conducted in a wind tunnel with a test section 8 ft. long 
AD kee i te. CYOSs) Section. A Particle Measurement System (PMS) probe, 
OAP-2D-GAl, with a PMS 11-C data acquisition system was used to measure the 
drop size spectra. The probe has a nominal class size of 33 um. The system 
counts and classifies the drops into 42 size classes from 28 to 2062 um. 


Procedures: 

The 8006 flat fan nozzle was oriented at 90° to the airstream and mounted 
on a microprocessor controlled mechanism that could move the nozzle to scan 
the entire spray pattern. The Beecomist spinner was operated at 28VDC and 
maintained an rpm of 12,700 for all tests. The Micronair blade angle was 
adjusted for all tests to maintain 7600 rpm. The rotary atomizers were posi- 
tioned vertically at 9 positions. For the Beecomist, this represented 8 equal 

2 


sampling ring areas of 70.8 in? plus a center area of 5.9 in’. For the 


Micronair, this represented eight rings of 37.7 in? plus a center area of 12.6 
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in’, A spinner test consisted of measuring the drop spectra in each of the 9 
sampling areas then combining these into one composite pattern that represents 
the overall temporal drop size distribution for the atomizer. All tests were 
repeated and the results averaged to determine the drop size distribution for 
each test condition. 

Table I shows the tank mixtures for the selected application rates for 
each atomizer. Table II shows the flow rate per atomizer required for 
selected air speed, swath width, number of units and application rate for each 
atomizere Table III shows the flow regulator and pressure used to achieve the 


desired flow rate. 


Results: 

Table IV is a summary of the drop size spectra for the selected for- 
mulations, airspeed, and flow rates for each atomizere The nomenclature used 
is as follows: 

Dy,; = Diameter that contains 10% of volume in drops of smaller size. 

Dyas = Diameter that contains 50% of volume in drops of smaller size. 

(Volume median diameter) 


Dy,g = Diameter that contains 90% of volume in drops of smaller size. 


Relative Span = RS. = 


oO 


V.5 


The data shows that the drop size is almost the same for the Beecomist 
tests run at 50 mph and the Micronair tests run at 135 mph at the two con- 
centrations of Dipel 8L. This indicates that the droplet breakup is primarily 
due to the high rpm of the spinners and was not affected very much by the air 
speed or the concentration of the Dipel 8L. The two tests run with the 
Thuricide 48LV indicates that this material generates a smaller particle size 


than the Dipel 8L for similar test conditions. The appendix contains the 
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complete drop size frequency data, statistical results and graphs for all the 
tests. 
Summary: 

Two different rotary atomizers and an 8006 flat fan nozzle were evaluated. 
The rpm of the rotary atomizers were kept constant for all tests and gave 
similar results using the Dipel 8L formulations. The tests using the 
Thuricide 48LV produced a smaller drop size than the tests using the Dipel 8L. 
The 8006 flat fan nozzles directed at 90° to the airstream produced the 


largest drop size for all the tests. 
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Tank Mixture and Total Application Rates 


Table I 


Conce of form. 


Tank mix 


Total 


application rate 


Atomizer Formulation BIU/Gal BIU/Ac Pt form:Pt water oz tank mix/acre 
8006 flat fan  Dipel 8L 64 ie Undiluted 24 
8006 flat fan Dipel 8L 64 12 bE | 48 
Beecomist Dipel 8L 64 12 Undiluted 24 
Beecomist Dipel 8L 64 12 Isl 48 
Beeconist Dipel 8L 64 16 Isl 64 
Beecomist Thuricide 48LV 48 a i Undiluted 32 
Beecomist Thuricide 48LV 48 12 1:1 64 
Micronair Dipel 8L 64 ‘Ws Undiluted 24 
Micronair Dipel 8L 64 L2 lel 48 
Micronair Dipel 8L 64 16 T?1 64 
Table II 
Flow Rate Required For Selected Applications 
Air Swath Total Applic. Total Flow rate 
speed Width Rate flow rate Noe of per atomizer 
Atomizer mph ft. oz/acre gpm Atomizers gpm 
8006 flat fan 135 150 24 7o7 13 0.6 
8006 flat fan 135 150 48 15.3 26 0.6 
Beecomist 50 50 24 1.48 4 0.37 
Beecomist 50 50 48 2.8 4 0.7 
Beecomist 50 50 64 3.8 4 0.95 
Beecomist 50 ho 32 1.88 4 0.47 
Beecomist 50 5 64 3.8 4 0.95 
Micronair 135 150 24 7.6 8 0.95 
Micronair 135 150 48 15.2 8 1.9 
Micronair 135 150 64 20.5 8 2.56 
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Atomizer 


8006 flat fan 


8006 flat 
Beecomist 
Beecomist 
Beecomist 
Beecomist 
Beecomist 
Micronair 
Micronair 
Micronair 


Atomizer 


8006 flat 
8006 flat 
Beecomist 
Beecomist 
Beecomist 
Beecomist 
Beecomist 
Micronair 
Micronair 
Micronair 
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Table III 


Adjustments Required for Selected Flow Rates and Formulations 


fan 


fan 
fan 


Flow Rate 
Pa a 
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Spraying 
Systems 
Flow 
Formulation Regulator 
Dipel 8L -- 
50% Dipel 8L -— 
Dipel 8L #59 
Thuricide 48LV #68 
50% Dipel 8L #68 
50% Thuricide 48LV VRU #7 
50% Dipel 8L VRU #7 
Dipel 8L #86 
50% Dipel 8L #120 
50% Dipel 8L #140 
Table IV 


Summary of Drop Size Spectrum From the Atomizers 


Angle 
/r pm 


90° 
90° 
12,700 
12,700 
12,700 
12,700 
12,700 
7,600 
7,600 
7,600 


Air 
speed 


mph 


With 


Fl ow 
Rate 


gpm 
0.6 


0.6 
0.37 


Selected Mixtures 
Drop size, wu 
Mixture Dy. Dy 5 
Dipel 8L 118 212 
50% Dipel 8L 101 187 
Dipel 8L <56 aiears 
50% Dipel 8L 58 124 
50% Dipel 8L 62 128 
Thuricide 48LV <56 89 
50% Thuricide 48LV <56 104 
Dipel 8L 67 124 
50% Dipel 8L 68 128 
50% Dipel 8L 60 120 


m 
Dy, 


322 
289 
184 
184 
Loe 
161 
169 
173 
180 
15 


Pressure 


psi 


9 Rese 


0.96 
1.01 
1.07 
1.07 
1.04 
1.42 
1.16 
0.85 
0.88 
0.95 
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Figure I 
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Table VI - Drop Size Data, 8006 Flat Fan Nozzle, 135 mph, .6 gpm, 
1 Part Dipel 8L, 1 Part Water 
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Table VII - Drop Size Data, Beecomist 360A, 50 mph, .37 gpm, 


Dipel 8L Neat 


Nozzie BEECOMTST Sé0 
RPM 12700 

Spray Pressure 30 psi 
Airspeed 50 mph 

Flow Rate ot CaM 

Tank Mix DIPEL 6L>NEAT 


Pree NP MoNOAT ANI I O405120003 


Number of Tests Combined:2 


UPPER 
Saga lel as N(RAW) Bete Pe ea Gm/5 
Sé 13209 7.766407 Zt. 
a9 15030 2.056407 a, 
5 a 13445 7.47Et06 Ait 
154 17618 4.38E+06 5. 
Loe 11614 1, SSE+06 S 
220 = Ges 252026 =k 
Zaz S22 45495 a 
284 42 ZLELG a 
215 4 178 0 
mp st 44 o 
TOTAL. 7 at Oe t04 Ge ey A MO a De 


TOTALBPACGEPTED RAW PARTICLES / TC 
NUMBER MEANSDTAr=eeDar5 rire 55<87 
VOLUME MEAN DIA.= DS eenee 
SAUTER MEAN DIA.= DLS 94.80 
ay ear <56 
NUMBER MEDIAN DIA.=D,‘¢. <56 
Dy 9: 7BavG 
Dy 4 <S4 
VOLUME MEDIAN DIA.=0)"— ya 
DY 5 183.69 


RELATIVE SPAN= 1.07 Extrapolated 


“ 


Wm 
Wm 
um 


um 
ym 
im 


Hm 
Em 
Hm 


Si 


AVG 
DFM 
BAR 


ice Rate birt e ile bs 
zoo0c 
1 em 
Pec 
Distance to Frobe 25 ecm 
Sample Interval! 60 sec 


Number of Samples 1 
Number of Sample Rings & 


Ine 


Zz 


us 


Oouvdrnorewwoowv 
memos ot 2 


oOGWe Oma yo 


() 
J 


ea i 


IC 
J ¢ 


ACCUMULATED 
es, yee Ol, 
se es be 7, 1 ee 
sig = a S625 29 .&6 
Zoe ES Bk WS US 
Zeamoo 98.46 TO aa 
(es aa gs Peed vive ST eer 
&.82 SS 96 by ce ey 
ee, pe, en a, iin cate 
aaa e, r00.08 oy ey 
ot 5a WM ay 8 ie ii 
0.00 pig Oy pa By py uly ae 
yore) JS2305 S=.00. 07 


i i te 


? 


}- 
i 


i 
v 


n 


i*] te 
ite t 


bh) 


a 
(4 (p+ 


~~ 
~ 3 ‘eo 
ava 
mC 
GAa 
ye qd 
282 
a 
sa 
~ ? 
; a: 
s 
ul « 
4! : 
| 
aa * 
i’ 


SH0AM 1 


af 


muy 


wu 


me 
ane 


‘i 


au 
mi 
mr st 


* 
. -—.s P 
’ ae 
iWsvir. 
mo 
we . 
\ n 
ats \ See 
= sm 
-~ 
a 
+ 
7) 
- 
—_ /- 
- 
: 
- 
le dilieeall — 
~_—— 
_— 
ot ~~ 
wo Gas 
at — = 
~~ em 
\Gie=— 
DAVST 
“ia 
~ - 
os sF 
a et 
oG # 


‘ee 


_t + 


#e 3.EBh 


= a .acé60 
3B: in aS fa 


$s 


oo ae 
ond 
ta bid 


7 





& 


! 


vrueesaa 





'— 
hd 

i> 
bi 3} 
dur 
S 


‘AO seMa/ 1D om 






















T] 7 ef ; 


fer ae 


oe 
7 


Foe 


iM wy oF 


> i 


ta =e 
~eq 
AIM 
6 


ey 


ww 
=< 
© 














Co+24e.¢ POSES pa 
ro+vg20.3 créer: es 
7 2T a ¥ >) sae vy 
s0+38E . aiavi.. ae 
s0+3522.1 digit ' <8 
asocee erie “pss 
= a s < ssa & 
oT +e aa ‘= 
aaSss a 7 an: 
af $ | >. Br 
_ i 5) 
Basa: “3ee30 aa 
ie a 
JITRAT WAR aan 
Be 
belae® wD aan ae 
sige =, 419 WARM 3 
3 iin Ld VAM | Bat 
a & a . 
' 7 
g 
a 
‘12 oak ALG naieah bal “ 
. a I as 4 : 


, 
_ 


“Sie 


Figure III 


Nozzle Type .. . BEECOMIST 360A 
eM eee ite hat eet OO 4000 
Spray Pressure .. 30 psi 
Airspeed... . RenSOAmoh 
Slow Rate . . . $2e.a7 opm 
Tank Mix: DIPEL BL, NEAT 


FILE: C: \PMS\DATA\11048512.003 
100 


DROPLET DIAMETER, wm 
< 
z 


Ot s 10 50 S05 8958579 
CUMULATIVE VOLUME (V) OR NUMBER  [N) 


x 


NUMBER FREQUENCY, 
Ww) 
ro 


0 500 4000 4500 ~ 2000 
DROPLET DIAMETER, ym 


45 
40 
35 
30 
25 
20 
15 
10 


x 


MASS FREQUENCY. 


0 500 1000 4500 2000 
DROPLET DIAMETER, nm 


% 






sy 









sg g 2 — 
waxzer es. a 
“°° @2@ec* 7 — 
_ »-s 
e* e*g2z 
= Tec. - 7 
ee «+t atx ~ 
2 
* a | a 
« g ad ~ 
r a G 
* s * i a 
“ - 
« 
: > 
nl ~ 
= ‘2 
2 «< & 3) “a 
ae & & ee et @ 
m G 
t? « e ¢ 
y> See 
ss, fi 
u 
_ ‘ 
bend - 
a) hs, PEYawaryD Taya 
| 
4 = —™~ 
< oS é 
7 S 
a 7 wow a aid — 
_ 
| 
« a 
] ~ 





a Pe 7 e 7 ¥ 
Sea a: a ior 

a | Te s 

7 aa. +. 

ww #2 14 oF &> tf 14 ~~ .) 

BOG oh | a 2ow 6 








' 


00e 


oor 


et pee ee ae ae Sennen: aimee | 
~ 


-12- 


Table VIII - Drop Size Data, Beecomist 360A, 50 mph, 
1 Part Dipel SL; 1 Part Water 


Nozzie 
RPM 


Spray Pressure 
Airspeed 
Flow Rate 


Seeeeh. 
12700 

60 psi 

50 mph 
.? gpm 
50% 
WATER 


of Tests Combined:2 


Tank Mix 
Files 
Number 
UPPER 
Cini N( RAW) 
Sé Leis 2) 
8 HO er the 9" 
LZ22 20068 
L5h 15551 
fii ies 10384 
220 3405 
Vis Wd i a? 
Zon. eZ 
S56 3 
TOTOL -6 AVEC. 


VOLUME 


MEAN DIA. 
MEAN DIA. 
MEAN DIA. 


now oH 


MEDIAN DIA. 


MEDIAN DIA. 


RELATIVE SPAN= 1. 


N @e Ger 
J @ 
* 
m 
$+ 
a] 
~I 


Pore 
Wimeimes 


Gi Se 
0 Ur 


ST 360A 


DIPPER bl roty 


C:\PMS\DATA\11048514.003 


Lm 
ym 
um 


um 
im 
Hm 


Slice Rate 


AVG 
DFM 
BAR 


-7 gpm, 


4 


as 


=f 


paz 


ZC000C 
A feta 


Lae 


Distance to Probe ZS cr. 


Samole Interval 


Number of Samples i 
Number of Sample Rings 9 


%_N 


S657 


>» $-> 
(ea > 
O- 
Gd 


18 
rod 


a 


{~ 
Oo 
NJ 


Ui 
( 


oO FF 
NN 


O) 
oO 


OOo OY F 


tI 
(i) 


84689/ 


60 


MENS oc 


ACCUMULATED 


%_N 


64.59 

bs 
93.34 
98.01 


_—~— 


95. 


4 - ‘a 
100.00 
14 

+uuw., 


ann 
aeuuw. 


ser 
pci 


eae 


0% 


-_ 


ta 


i 


tiv# 


igaed 22207 


,Biiawy 
s(t Pe 


yc 
sth 


is 


rit 


0 
1 ed f° 


Cc) - 
+. 















Liat iat S22 


= 81. ion 2 - 
2, AiQ Via M. 08 
«,Ai0 VAGM &; 


ae 
Al > om 
7 


ee 


Hieure sity 


Nozzle Type .. . BEECOMIST 360A 
nied “ae sat G0 iy a ce eee ele| 4000 
Spray Pressure .. 60 psi 
Airspeed... . «= 50?moh 
Elowehates . ..-. ae .zagpm 
Tank Mix: 50% DIPEL B8L, 50% 
WATER 
FILE: C: \PMS\DATA\11048514.003 


100 


_ DROPLET OIAMETER, um 


Oo dems 10 50 SD 5599°99°9 
CUMULATIVE VOLUME (V) OR NUMBER (N) % 


% 


NUMBER FREQUENCY, 
Ww 
Oo 


0 500 1000 1500 2000 
DROPLET DIAMETER, um 


45 
40 
35 
30 
eo 
20 
15 
10 


y 9 


MASS FREQUENCY, 


0 500 1000 1500 2000 
DROPLET OIAMETER, um 























i : 
' 7 ay anv 
AOE TSIMOUSHR . . ener Gtizen~ 
ood ce. sl . . , . + 3k ' - 
feg O8 . . Stveeens yetge 


cam Ox Se bP sarge = mn 
ao © _» ao wet’ 


bak 





¥ 

7 ‘y ‘- ‘ — - 

| 2 Fats ite" 
So t3 GOO. 2eOhOd s /AT AERA BITSY 
= i a a 

™~ % t= ua i 

- i t i > 

4 v r 7 . | 


— > ieee Gaal 
* Ab nw 
J ~ We ' 
. e 1 “i 
4 J wv JY t b 7 


i 
cu 





\ 
+ 


RRESE 
—— 
hm 


ah. 


Pg sem 





oma 
aw 


oe 


ooo vos .. 
Ne - rSamMars 3 AVOARG - 7 7 


cee eae a Aen eee mean ie a a i cai Oe Cell ET = —, 
* = 
Sh 


OOO 








ie 


Table IX - Drop Size Data, Beecomist 360A, 50 mph, .95 gpm, 
ierParteDpipelie sb, 1 Part Water 
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Figure V 


Nozzle Type .. . BEECOMIST 360A 
BEM ign Owes es) Setie e te700 4000 
Spray Pressure .. 25 psi 
Airspeed ... .. 50 mph 
Flow Rate .... .95 gpm 
Tank Mix: 50% DIPEL BL, 50% 
WATER 
FILE: C: \PMS\DATA\4141078513.003 
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Table X - Drop Size Data, Beecomist 360A, 50 mph, .47 gpm, 
Thuricide 48LV Neat 
| 2+ ep See ali ea lee en LE a rrr 


Nozzie BEECOMIST 360A Siice Rate 1.5 MR=z 
REM 12700 AVG 20200 
Spray Pressure SOs | DFM cm 
Airspeed SO mph BAR ‘pedis 
Flow Rate -.47 opm Distance to .Probe_z> cm 
Tank Mix THURICIDE 48LV;NEAT Sample Interval 60 sec 
Number otf Samples 1 
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Figure VI 
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Spray Pressure . . 
AICBPGCO. 4... 
Flow Rate... : 
Tank Mix: THURICIDE 
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Table XI - Drop Size Data, Beecomist 360A, 50 mph, .95 gpm, 
1 Part Thuricide 48LV, 1 Part Water 
so SS ee EE 5 


Nozzle BEECOMIST 3404 Siice Rate 1.5 Mrz 
REM 12700 AVG 200005 
Spray Fressure Z5e 2 Set DFM lcm. 
Oirspeed SO mph BAR 155 
Fiow Rate s9Sucpm Distance to Probe 25 ecm. 
Tank Mix 50% THURICIDE 48LV Sample Interval 60 sec. 
50% WATER Number of Samples i 
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Figure VII 


Nozzle Type .. . BEECOMIST 360A 
RPM ied eaten’ toss ts 47200 4000 
Spray Pressure .. 25 psi 
Airspeed... .. . SO mph 
Flow Rate . < . #2 395)'9pm 
Tank Mix: 50% THURICIDE 48LV 
50% WATER 
FILE: C: \PMS\DATA\104108509.003 
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Table XII - Drop Size Data, Micronair AU5000, 135 mph, 
-95 gpm, Dipel 8L Neat 
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7. 9)2pm, 2 Part Dipel 8L; 1 Part Water 
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Figure IX 

Nozzle Type .. . AU5000 
BEM Sen owctae Soe. so ae O00 
Spray Pressure .. 45 psi 
AlPSDGGO.. 2. . 2.0. woo mpl 
Flow Rate . . . #2459 opm 


Tank Mix: 50% DIPEL 8L, 50% 
WATER 
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Table XIV - Drop Size Data, Micronair AU5SOO0 G35. mph, 


2.6 gpm, 1 Part Dipel 8L, 1 Part Water 
pe er ee 


Nozzle AUSOOG Slice Rate 4 MHz 

RPM 12700 AVG ZUGEE 

Spray Pressure “0p st DFM iL icm. 

Airspeed 135 mph BAR i gate 

Flow Rate Z2.& gpm Distance to Probe 44 cm. 

Tank Mix 50% DIPEL 6L;>50% Sample Interval 60 sec. 
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Figure X 


Nozzle Type .. . AUS5000 
BPM ayers. ek, ¢e700 4000 
Spray Pressure .. 40 psi 


Airspeed: .... 5 435 mph 

Flow Rate .... 2.6 gpm 

Tank Mix: 50% DIPEL BL, 50% 
WATER 
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